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Connectivity of Waste M anagement
Unit Modules
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Water-Based WMU Modules

Key Data Inputs
* Waste Characteristics
* Chemical Properties
* Meteorological Conditons
* WMU Dimensions

Emission Rates
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Key Data Inputs
* Waste Characteristics

* Soil Properties (LAU, WP)
* Meteorological Conditions
* Chemical Properties

* WMU Dimensions

Emission Rates

WMU Modules

Chemical Fluxes

L

Air Module

Infiltration Rates

Chemical Loadings, Soil Loadings

Vadose Zone and
Aquifer Modules

(LAU, WP only)

Landfill,

Waste Pile, Soil Concentrations

L

Surface Water
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d-Based WMUs
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onnectivity of Environmental
Media Modules
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|ntermedia Contaminant Fluxes

o AIr to watershed soil (wet, dry deposition)
e AIr to surface water (wet, dry deposition)

s \Watershed soil to surface water (runoff,
erosion)

s \/adose zone to saturated ground water
(infiltration)

o Saturated ground water to surface water
(Interception)
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Secondary | ntermedia Contaminant
Fluxes (not connected)

Watershed solil to air (volatilization)
Surface water to air (volatilization)
\Watershed soil to ground water (infiltration)
Surface water to ground water (seepage)

Ground water to watershed soil (e.g., vapor
Intrusion)
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Environmental M edia Contaminant
Transfers to Humans and Biota

AIr to vegetation (particul ate deposition, vapor
diffusion)

\Watershed soil to vegetation (root uptake,
transl ocation)

\ egetation, watershed soil, surface water to
terrestrial animals and humans (consumption)

Surface water to aguatic organisms (uptake)
Ground water to humans (consumption)
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Environmental Media Fate
Processes

Linear partitioning (e.g., air-plant, soil-soil gas,
soll water-soil solids, water-suspended solids, pore
water-benthic solids)

Nonlinear partitioning (i.e., metals in vadose zone)

Chemical/biological reactions — decay (i.e.,
hydrolysis, reduction, biodegradation)

Chemical/biological reactions — transformation
(1.e., mercury in surface water)
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Ir Module

Key Data Inputs
» Source characteristics
» Meteorology

» Receptor locations

Air Concentrations

Deposition Rates

Deposition Rates

Farm Food
Chain Module

Land-based
Source

Air Concentrations

Watershed
Module

Modules \
Air
Module
Surface

Impoundment/
Aerated
Tank Source

Deposition Rates

-

Human
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Modules

Air Concentrations

Surface Water
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Deposition Rates

Terrestrial Food
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Alr I\/Iodule, continued

Uses legacy EPA regulatory model |SCST 3; wrapper
controls interface to modeling system

Steady-state Gaussian plume dispersion model
Depletion of plume due to dry and wet deposition

Added SCIM capability — sample long-term
meteorological file to reduce runtime; maintains serial
correlation for precipitation events

Annual average concentration and dry and wet
deposition; 1 hour calculational time step
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Key Data Inputs
* Daily precipitation

* Landscape characteristics
* Chemical parameters

Watershed |

Air Module

shed Module

Chemical Loads, Flows

Eroded Soil Loads

Infiltration Rates

Surface
Water
Module

-

Soil Concentrations

Vadose Zone
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Modules

Module

Soil Concentrations

-
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>
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Module
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Watershed Modul €, continued

New model developed for SMRA

Based on Generic Soil Column Model, GSCM
— Hydrology uses SCS curve number

— Erosion uses Modified USLE

— Transport implements modified Jury equations

— Partitioning to soil particles, soil gas

— Decay rates for hydrolysis, biodegradation

— Particulate release from wind erosion

Applied to each subwatershed in area (1 to 30)

Calculational time steps.
— Hydrology: day
— Contaminant mass balance: day < At < year
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Surface Water Module

Deposition Rates

Key Data Inputs
* Precipitation, temperature
* Network properties

* Chemical parameters

Air Module

Land-based

Chemical Loadings

Source
Modules

Watershed

Soil Loadings

Chemical Loads, Flows,

Module

Vadose Zone

Eroded Soil Loads

Chemical Loads from

and Aquifer
Modules

Groundwater Interception

Surface

Water

Module

Water Column and

Sediment Concentrations

Water Column

> Aquatic Food
Web Module

Concentrations

Water Column and

Farm Food
Chain
Module

-

Sediment Concentrations

Water Column and

Ecological
Exposure
Module

Sediment Concentrations

Ecological
Risk Module
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Surface Water M odule, continued

Uses legacy EPA regulatory model Exams-2; wrapper controls
Interface to modeling system

Applied to local water network (1 to 50+ reaches)
— Streams, rivers, wetlands, ponds, |akes, bays
— Water column and benthic segments
Quasi-dynamic solution mode
— Inflows, loadings specified yearly
— Simple flow and solids balances performed
Contaminant concentrations cal culated over time
— Partitioning to dissolved, particle sorbed, biosorbed phases
— Decay ratesfor hydrolysis, biodegradation, reduction

— Predicted concentrations averaged yearly
— Calculational time step < 1 day
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Module

Zone and Aquifer

Key Data Inputs
* Well location

* Soil and aquifer properties
* Chemical properties

Chemical Loads from

Surface

Watershed
Module

Vadose Zone

Subsurface Interception

Water
Module

Human

and Aquifer ‘

Modules

Source
Modules

Ground Wgter Exposure
Concentrations Module
Farm Food
Subsurfa(.:e Chain
Concentrations

Module
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\V adose Zone Module

Extracted from EPA regulatory model EPACMTP
Simulates vadose zone below waste unit
Steady-state, 1-D analytical and numerical flow

1-D analytical transport driven by long-term average
Infiltration rate

Infiltration calculated using Richard’ s equation using
Van Genuchten parameters

Calculates annual-average leachate concentrations
_inear partitioning for organics,; nonlinear for metals
Decay rates for hydrolysis and anaerobic degradation
nfiltration flux passed to aguifer module
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Aquifer Module

Extracted from EPA regulatory model EPACMTP

1-D steady state ground water flow, pseudo 3-D contaminant
transport

Flow follows Darcy’ s Law applied to unconfined aquifer with
constant thickness

Contaminant transport driven by infiltration flux from vadose
zone module

Effects of uniform regional recharge

Linear partitioning for organics and for metals

Decay rates for hydrolysis and anaerobic degradation
Fracture flow uses equivalent porous media approach
Stochastic correction for heterogeneity
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chain Modules
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Ic Food Web

Key Data Inputs
* Waterbody type
* Food web structure

* Kow

Fish Human

: Exposure
Concentrations Module

) Ecological

Prey Concentrations Module
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Adquatic Food Web

Based on approach developed by Gobas et al., but
for specific chemicals integrates empirical data,
and other Agency approaches

Calculates steady-state contaminant concentrations
IN aguatic organisms consumed by human and
ecological receptors

Develops dietary matrices based on water body
type and habitat (i.e., warm or cold water)

Uses random sampling techniques to represent
dietary variability
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Food Chan

Key Data Inputs
e Farm area

e Plant uptake factor

e Beef biotransfer factor

Air Module

Watershed
Module

Farm

Land-based Food Food Item and

Source
Modules

Chain
Module

Soil Concentrations

Vadose Zone
and Aquifer
Modules

Surface Water Column

Water Concentrations
Module

Human
Exposure
Module
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Farm Food Chain

* Approach based on reviewed science,
algorithms, and data and is being widely
used in other EPA analyses

» Calculates point estimate constituent
concentrations in produce for home
gardeners and areal averaged estimates for
produce, beef and milk for farmers
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Food Web In the
System

Key Data Inputs
* Root zone depth

¢ Home range area
¢ Bioconcentration factor

Air Module

Soil
- .
Concentrations Risk Module

Ecological

Terrestrial
Food Web
Module

Watershed
Module

Ecological
Exposure
Module

Soil, Plant, and Prey
Concentrations

Land-based
Source Soil Concentrations

Modules
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Assignment of Predator-Prey for
Terrestrial Habitats

e Uses algorithms, methods,
and data consistent with
previous EPA analyses

e Defined, overlapping
home ranges for predator-
prey

o Spatially consistent
contaminant
concentrations in home
ranges

Forest Habitat

Home Range 1 '

Home Range 2

Home Range 4
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posure Module

Key Data Inputs
e Food intake rates
* Inhalation rate

Body weight

Air
Module

Watershed
Module

h 4
Human
Exposure
Module

Human Risk
Module

Vadose Zone
and Aquifer
Modules

Land-based
Source
Modules

Soil Concentrations

Farm Food

Chain
Module Soil Concentrations

Food Item and
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eptor Layout

HWIE 315 Docket Maps

Receptor Data
for Site 0131508

Largest WHMU type at site: 1f
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Receptor-Pathway Combinations

Receptors (as output by Human Risk Module)

Resdent

Resdent | Gardener Al Al
Receptor s (as output by Human Expaosure Module)
Resdent Bedf Dairy
Resdent Resdent | Gardener Farmer Farmer Bedf Dairy
Pathway Resddent | Gardener Fisher Fisher Fisher Fisher Farmer Farmer
Air inhdation Yes Yes Yes Yes Yes Yes Yes Yes
Shower ar Yes Yes Yes Yes Yes Yes Yes Yes
inhaation
Sail ingestion Yes Yes Yes Yes Yes Yes Yes Yes
Water Yes Yes Yes Yes Yes Yes Yes Yes
ingestion
Crop ingetion No Yes No Yes Yes Yes Yes Yes
Bedf ingegtion No No No No Yes No Yes No
Milk ingestion No No No No No Yes No Yes
FHsh ingedtion No No Yes Yes Yes Yes No No
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Human
Exposure
Module

Risk Module

Key Data Inputs
* Health benchmarks
 Population demographics
* Receptor locations

Human

Risk Risks

Module HQs

Exit
Level
Processors | and Il
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Human Exposure And Risk

Uses: standard algorithms

Inputs: estimated annual average media and food

concentrations; intake rates (air and media); health
penchmarks; receptor locations; population demographics

Outputs: estimates of annual average concentrations,
doses, risks, and hazards from inhalation and ingestion of
contaminated food and media
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Output Data...

Data that are 3-dimensional:
Location, time, receptor type

Descriptors of risk for human receptors
Distribution of individual risk/hazard weighted by
population at the site level

Aggregation of risk/hazard by:
Receptor type (resident, gardener, farmer, fisher, all)
Cohort (infant, 1 — 12 years, 13 years+, all)
Pathways (individual (8), combined)
Distance (500, 1000, 2000 meters)

48



gical Exposure and
Modules




Surface

Exposure Module

Impoundment
Module

Surface
Water

Module ncentrations

Terrestrial

Food Web SN Prey
Module entrations

Aquatic Food Aquatic Plant and

Web Module Prey Concentrations

Key Data Inputs
* Food consumption rate
* Body weight

* Dietary preferences

A 4

Ecological
Exposure
Module

Ecological
Risk Module
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Criteriafor Ecological Exposure
Module

o Capture the wide variability in ecological systems
with available data to characterize and evaluate
ecological exposure and risk.

* Define spatial boundaries for ecological exposures
al a scale that takes full advantage of the spatial
resolution offered by the SMRA

e Allow for the site-based assignment of ecological
receptors that reflect the major trophic e ements
and feeding strategies relevant to exposure
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Habitats for the SMRA Moded

Terrestria

Aquatic
grasslands :
shrub/acrub rivers/streams ko,
f lakes
orests oonds
crops/pastures

residential A—
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Habitat Delineation
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Ecological Exposure

e Consistent with Guidelines for Ecological Risk
Assessment and uses equations similar to those
used in other Agency and non-Agency
assessments

o Calculates applied contaminant dose (in mg/kg-d)
to ecological receptors that may be exposed to
contaminated plants, prey, and media

e Components include representative habitat
scheme; habitat-specific foodwebs, and receptors
for each habitat and foodweb
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a Risk Module

Key Data Inputs
* Ecological benchmarks
* Habitat type

* Water hardness

Terrestrial
Food Web
Module

Ecological
Exposure
Module

Surface o q Ecological Exit Level
Water e Risk Processors
Module Concentrations Module land Il
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Assessment Endpoints

Survival and reproductive fithess of mammalian wildlife
populations

Survival and reproductive fitness of avian wildlife populations
Survival of amphibian populations
Reproductive success and survival of reptile populations

Survival of species that comprise key structural and functional
elements of the soil community

Growth and survival of terrestrial plants

Survival of species that comprise key structural and functional
elements of the freshwater aguatic community

Survival of species that comprise key structural and functional
elements of the sediment community

Growth and survival of aguatic plants and algae
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Ecological Risk

e Quantifies the potential for adverse ecological
effects by calculating HQs for individual receptors
such as raccoons, aguatic plants, or the soil
community

* |ncorporates benchmarks that reflect the
assessment endpoints for the national assessment

e Each HQ maintains specific attributes that allow
the ecological risk to be examined in numerous
ways (e.g., by habitat, by trophic level)
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